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The association of sleep-disordered 
breathing with high cerebral pulsatility might 
not be related to diffuse small vessel disease. A 
pilot study
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Abstract 
Background: In a population-based sampling study conducted in community-dwelling older adults living in rural 
Ecuador, we aimed to assess the relation among sleep-disordered breathing, cerebral pulsatility index, and diffuse 
small vessel disease.
Methods: Of 25 participants, 9 (36 %) had moderate-to-severe sleep-disordered breathing, characterized by an 
apnea/hypopnea index ≥15 per hour, and 10 (40 %) had moderate-to-severe white matter hyperintensities, graded 
according to the modified Fazekas scale. Mean (SD) pulsatility index in the middle cerebral artery was 1.18 (0.19) and 
positively correlated with the apnea/hypopnea index (R = .445, P = .03, [Pearson’s correlation coefficient]). The middle 
cerebral artery pulsatility index was increased in persons with moderate-to-severe sleep-disordered breathing com-
pared with persons who had none-to-mild sleep-disordered breathing (mean [SD] 1.11 [0.12] vs. 1.3 [0.23], P = .01). 
No significant differences were found in the prevalence of moderate-to-severe white matter hyperintensities across 
groups of sleep-disordered breathing (P = .40) or in the mean apnea/hypopnea index across groups of persons with 
none-to-mild or moderate-to-severe white matter hyperintensities (P = .16).
Conclusions: This pilot study shows that moderate-to-severe sleep-disordered breathing correlates with cerebral 
pulsatility, but such association might be independent of diffuse small vessel disease.
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Background
The association of sleep-disordered breathing (SDB) 
with cerebral pulsatility has been reported to be linked 
to small vessel disease (SVD) [1]. However, a high cer-
ebral pulsatility index (PI) may also result from large-
artery stiffness or other hemodynamic factors and is not 
specific for SVD [2, 3]. Therefore, a high PI should not 
be considered a proxy of SVD in persons with SBD until 
more evidence is available. The complex—and probably 
bidirectional—relation between SDB and stroke is linked 
not only to SVD, but to other pathogenetic mechanisms 
[4, 5], which could continue to be unrecognized if a com-
plete investigation is not performed on the basis of this 
assumption.
The Atahualpa Project is an ongoing population-based 
study designed to reduce the increasing burden of non-
communicable diseases—including sleep disorders—in 
rural Ecuador [6]. Preliminary findings from our cohort 
suggest an association between non-breathing-related 
sleep symptoms with cardiovascular risk factors [7], overt 
stroke [8] and silent imaging markers of SVD [9]. Here, 
we aimed to assess the relationship between SDB, cer-
ebral pulsatility, and diffuse SVD in a random sample of 
individuals enrolled in the Atahualpa Project.
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Methods
The institutional review board of Hospital-Clínica Ken-
nedy in Guayaquil, Ecuador (Federalwide Assurance 
00006867) approved the study protocol and the written 
informed consent. Fifty randomly selected individu-
als were invited to undergo TCD. They were selected by 
the use of the Random Integer Generator (https://www.
random.org/integers/) from a total of 239 Atahualpa 
residents identified during a door-to-door survey and 
fulfilling the following criteria: (1) age  ≥60  years, (2) 
clinical stroke-free status, (3) brain MRI performed in 
the previous 6 months, (4) absence of significant (>50 %) 
stenosis of all major intracranial vessels on magnetic 
resonance angiography, and (5) no documented atrial 
fibrillation.
As previously detailed, the neuroimaging studies were 
performed with use of a Philips Intera 1.5T MRI machine 
(Philips Healthcare) at the Hospital-Clínica Kennedy, 
Guayaquil [10]. For the current study, the primary focus 
was on white matter hyperintensities (WMHs) of pre-
sumed vascular origin, defined as lesions appearing 
hyperintense on T2-weighted images that remained 
bright on fluid-attenuated inversion recovery (without 
cavitation) and graded into mild, moderate, and severe 
according to the modified Fazekas scale [11]. Mild cases 
present with periventricular caps or thin lesions and 
punctate hyperintensities in subcortical white matter. In 
moderate cases, there is a smooth periventricular halo, 
and subcortical foci begin to merge. Severe cases are 
characterized by extension of periventricular lesions into 
the subcortical white matter and large confluent subcor-
tical foci (Fig. 1).
Diagnostic single-night PSG was performed at the 
sleep unit of the Atahualpa Project Community Center 
with use of an Embletta X100 Comprehensive Portable 
PSG System (Embla Systems, Inc). Measured parameters 
included electroencephalography, electro-oculography, 
electrocardiography, chin and leg myography, nasal air-
flow pressure, abdominal and thoracic inductive plethys-
mography, and pulse oximetry. PSG results were scored 
by certified polysomnographic technicians following the 
rules contained in The American Academy of Sleep Medi-
cine (AASM) Manual for the Scoring of Sleep and Asso-
ciated Events (version 2.0) [12]. Data were reviewed by 
a board-certified sleep medicine neurologist (P.R.C.) to 
whom all other information was masked.
With the use of a SONARA portable system (VIASYS 
Healthcare, Inc) and a 2-MHz probe, a certified sonog-
rapher (J.A.N.) performed all TCD examinations follow-
ing a well-known power motion mode Doppler/spectral 
TCD protocol [13]. For the present study, peak systolic 
velocity, end-diastolic velocity, mean flow velocity, and PI 
of both middle cerebral arteries (MCAs) were analyzed 
(Fig. 2). The latter was calculated with the Gosling equa-
tion (peak systolic velocity—end-diastolic velocity/mean 
flow velocity). Mean values for each of these variables 
were calculated through averaging both MCAs unless 
flows from only one artery could be evaluated because of 
Fig. 1 Fluid-attenuated inversion recovery magnetic resonance imaging (TR/TE/TI = 9000/120/2500 ms). Both images show severe white matter 
hyperintensities of presumed vascular origin according to the modified Fazekas scale. Of note is the extension of periventricular lesions into the 
subcortical white matter and large confluent subcortical foci
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poor insonation through the contralateral transtemporal 
window.
All analyses were carried out by using STATA version 
13 (Stata Corp LC). Descriptive statistics are presented 
as mean (SD) for continuous variables and as percentage 
(95 % CI) for categorical variables. Continuous variables 
of the PI and the AHI were compared by the use of the 
Pearson’s correlation coefficient. A P value less than .05 
was considered significant. Regression models were not 
constructed.
Results
Of the 50 invited persons, 40 agreed to participate and 
38 had adequate PSG recordings to allow for proper data 
assessment. Thirteen of the 38 persons had absent tran-
stemporal windows precluding insonation of both MCAs 
and therefore were excluded. (These high rates of absent 
windows were related to increased thickness and hetero-
geneity of temporal squama in our population of Amerin-
dians [14, 15].
The final 25 participants had a mean (SD) age of 73.1 
(7.2) years, and 13 (52 %) were women. Only one partici-
pant was a smoker, four had a body mass index ≥30 kg/
m2, 16 had arterial hypertension, and three had diabetes 
mellitus. Nine persons (36  %) had moderate-to-severe 
SDB [apnea/hypopnea index (AHI) ≥ 15/h] and 10 (40 %) 
had moderate-to-severe WMHs (six of these individuals 
had blood pressure ≥140/90 mm Hg). Mean (SD) MCA 
PI in the overall sample was 1.18 (0.19) and positively 
correlated with the AHI [R = .445, P = .03 (Pearson’s cor-
relation coefficient)].
Table  1 summarizes characteristics of the 25 study 
participants. No differences were found in demographic 
characteristics or cardiovascular risk factors across the 
two groups of AHI severity. PSGs showed greater num-
bers of total sleep arousals per hour and lower oxygen 
saturation among persons with moderate-to-severe SDB. 
The PI was the only TCD variable that was significantly 
increased in persons with moderate-to-severe SDB com-
pared with those who had none-to-mild SDB (P =  .01). 
Ten (40 %) of the 25 participants had moderate-to-severe 
WMHs, which were more prevalent among persons with 
moderate-to-severe SDB; however, this difference did not 
reach significance. In addition, stratification according to 
WMH severity showed no significant differences in the 
mean (SD) AHI across groups of persons with none-to-
mild or moderate-to-severe WMHs (13.7 [13] vs. 22.6 
[17.8], P = .16).
Fig. 2 Screen of the Transcranial Doppler Study Performed in a Study Participant. Image showing the parameters evaluated for each artery (in this 
particular image, the right middle cerebral artery)
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Discussion
The present pilot study shows that moderate-to-severe 
SDB correlates with cerebral pulsatility, as demon-
strated by a direct relation between AHI and MCA PI 
values. However, such association might be independent 
of WMH severity and thus may not be mediated by the 
presence of diffuse cerebral SVD. SDB has an independ-
ent effect on arterial stiffness, which could contribute to 
the mechanisms accounting for SDB-associated strokes 
[16]. Yet, recent Korean studies independently showed 
a significant association of SDB with lacunar infarcts 
[17] and WMH [18]; unfortunately, their studies did not 
include TCD examinations and the relation with PI could 
not be assessed.
A limitation of our study is the small sample size, pre-
cluding the construction of regression models adjusted 
for potentially confounding variables. However, the 
population-based random sampling and case–con-
trol design, together with both use of validated proto-
cols for PSG and TCD interpretation and the quality 
of MRI scans, are indicative for the strengths of our 
findings. Further large-scale, longitudinal studies in 
our population will help to clarify whether the associa-
tion between SDB and cerebral pulsatility is related to 
the severity of diffuse SVD or if the apparent associa-
tion actually occurs because of different pathogenetic 
mechanisms.
Abbreviations
AHI: apnea/hypopnea index; MCA: middle cerebral artery; MRI: magnetic 
resonance imaging; PI: pulsatility index; PSG: polysomnography; SDB: sleep-
disordered breathing; SVD: small vessel disease; TCD: transcranial Doppler; 
WMH: white matter hyperintensities.
Authors’ contributions
PRC carried out study design, polysomnography interpretation, and drafting 
the manuscript. OHB participated in study design, imaging reading, and 
drafting the manuscript. MLA carried out the interpretation of transcranial 
Doppler studies. MZ performed analysis and interpretation of data and study 
supervision. JAN carried out study design and the performance and interpre-
tation of transcranial Doppler studies. All authors read and approved the final 
manuscript.
Author details
1 Division of Sleep Medicine, Mayo Clinic, 4500 San Pablo Rd, Jacksonville, 
FL 32224, USA. 2 School of Medicine, Universidad Espíritu Santo-Ecuador, 
Guayaquil, Ecuador. 3 Department of Neurology, Hospital Médica Sur, Mexico 
City, Mexico. 4 Community Center, The Atahualpa Project, Atahualpa, Ecuador. 
Acknowledgements
The funding body had no role in the study design; in the collection, analysis, 
and interpretation of data; writing of the manuscript; or in the decision to 
submit the manuscript for publication.
Compliance with ethical guidelines
Competing interests
The authors declare that they have no competing interests.
Funding
This study was partially supported by Universidad Espíritu Santo—Ecuador, 
Guayaquil, Ecuador, and Médica Sur Fundación Clínica, Mexico City, Mexico.
Received: 25 February 2015   Accepted: 21 September 2015
References
 1. Ramos AR, Cabral D, Lee DJ, Sacco RL, Rundek T. Cerebrovascular 
pulsatility in patients with sleep-disordered breathing. Sleep Breath. 
2013;17(2):723–6 Epub 2012 Jul 7.
 2. de Riva N, Budohoski KP, Smielewski P, Kasprowicz M, Zweifel C, Steiner 
LA, et al. Transcranial Doppler pulsatility index: what it is and what it isn’t. 
Neurocrit Care. 2012;17(1):58–66.
 3. Webb AJ, Simoni M, Mazzucco S, Kuker W, Schulz U, Rothwell PM. 
Increased cerebral arterial pulsatility in patients with leukoaraiosis: 
Table 1 Characteristics of study participants according to the apnea-hypopnea index
Continuous variables were compared by linear models (analysis of variance) and categorical variables by x2 or Fisher exact test as appropriate
AHI apnea/hypopnea index, BMI body mass index, MCA middle cerebral artery, WMH white matter hyperintensities
Total series (n = 25) AHI < 15 (n = 16) AHI ≥ 15 (n = 9) P value
Age, mean (SD), years 73.1 (7.2) 72 (5.8) 75.1 (8.7) .295
Women, no. (%) 13 (52) 8 (50) 5 (56) 1.0
BMI, mean (SD), kg/m2 26.1 (5) 25.8 (4.4) 26.7 (6) .671
Arterial hypertension, no. (%) 16 (64) 11 (69) 5 (56) .671
Diabetes mellitus, no. (%) 3 (12) 2 (13) 1 (11) 1.0
Sleep efficiency, mean (SD) 69.6 (17.8) 66.6 (18.7) 74.9 (14.8) .265
Total arousals per h, mean (SD) 19.7 (13.3) 12 (5.1) 33.3 (12.4) .0001
Oxygen saturation, mean (SD) 95.1 (1.9) 96 (1.4) 93.5 (1.5) .0001
MCA peak systolic velocity, mean (SD) 76 (21.3) 77.3 (21.8) 73.6 (20.3) .680
MCA end-diastolic velocity, mean (SD) 25.5 (9.3) 27.1 (9) 22.6 (9.2) .246
MCA mean flow velocity, mean (SD) 43.8 (13.4) 45.5 (13.5) 40.7 (12.8) .394
MCA pulsatility index, mean (SD) 1.18 (0.19) 1.11 (0.12) 1.30 (0.23) .012
Moderate-to-severe WMH, no. (%) 10 (40) 5 (31) 5 (56) .397
Page 5 of 5Castillo et al. BMC Res Notes  (2015) 8:500 
arterial stiffness enhances transmission of aortic pulsatility. Stroke. 
2012;43(10):2631–6 Epub 2012 Aug 23.
 4. Hoyos CM, Melehan KL, Liu PY, Grunstein RR, Phillips CL. Does obstruc-
tive sleep apnea cause endothelial dysfunction? A critical review of the 
literature. Sleep Med Rev. 2015;20C:15–26 Epub 2014 Jun 25.
 5. Minoguchi K, Yokoe T, Tazaki T, Minoguchi H, Oda N, Tanaka A, et al. Silent 
brain infarction and platelet activation in obstructive sleep apnea. Am J 
Respir Crit Care Med. 2007;175(6):612–7.
 6. Del Brutto OH, Mera RM, Farfan R, Castillo PR. Atahualpa project investiga-
tors. Cerebrovascular correlates of sleep disorders-rational and protocol 
of a door-to-door survey in rural Coastal Ecuador. J Stroke Cerebrovasc 
Dis. 2014;23(5):1030–9 Epub 2013 Oct 6.
 7. Del Brutto OH, Mera RM, Zambrano M, Del Brutto VJ, Castillo PR. Associa-
tion between sleep quality and cardiovascular Health: a door-to-door 
survey in rural Ecuador. Environ Health Prev Med. 2014;19(3):234–7 Epub 
2014 Jan 30.
 8. Del Brutto OH, Zambrano M, Castillo PR. Sleep-related symptoms in Ecua-
dorian natives/mestizos with and without stroke: an Atahualpa Project 
case-control nested study. Int J Stroke. 2014;9(5):e21.
 9. Del Brutto OH, Mera RM, Zambrano M, Lama J, Del Brutto VJ, Castillo PR. 
Poor sleep quality and silent markers of cerebral small vessel disease: 
a population-based Study in Community-dwelling older adults (The 
Atahualpa Project). Sleep Med. 2015;16(3):428–31 Epub 2015 Jan 28.
 10. Del Brutto OH, Mera RM, Del Brutto VJ, Zambrano M, Lama J. White matter 
hyperintensities of presumed vascular origin: a population-based study 
in rural Ecuador (The Atahualpa Project). Int J Stroke. 2015;10(3):372–5 
Epub 2014 Dec 1.
 11. Pantoni L, Basile AM, Pracucci G, Asplund K, Bogousslavsky J, Chabriat H, 
et al. Impact of age-related cerebral white matter changes on the transi-
tion to disability: the LADIS study: rationale, design and methodology. 
Neuroepidemiology. 2005;24(1–2):51–62.
 12. Iber C, Ancoli-Israel S, Chesson AL Jr, Quan SF. For the American Academy 
of Sleep Medicine. The AASM manual for the scoring of sleep and 
associated events: rules, terminology and technical specifications. 1st ed. 
American Academy of Sleep Medicine, Westchester (IL); c2007, p 59.
 13. Alexandrov AV, Demchuk AM, Burgin WS. Insonation method and diag-
nostic flow signatures for transcranial power motion (M-mode) Doppler. J 
Neuroimaging. 2002;12(3):236–44.
 14. Nader JA, Andrade ML, Espinoza V, Zambrano M, Del Brutto OH. Technical 
difficulties due to por acoustic insonation during transcranial Doppler 
recordings in Amerindians and individuals of European origin. A com-
parative study. Eur Neurol. 2015;73(3–4):230–2 Epub 2015 Mar 4.
 15. Del Brutto OH, Mera RM, Andrade ML, Espinosa V, Castillo PR, Zambrano M, 
Nader JA. Temporal bone thickness and texture are major determinants of 
the high rate of insonation failures of transcranial Doppler in Amerindians 
(The Atahualpa Project). J Clin Ultrasound. 2015. doi:10.1002/jcu.22284.
 16. Doonan RJ, Scheffler P, Lalli M, Kimoff RJ, Petridou ET, Daskalopoulos ME, 
et al. Increased arterial stiffness in obstructive sleep apnea: a systematic 
review. Hypertens Res. 2011;34(1):23–32 Epub 2010 Oct 21.
 17. Cho ER, Kim H, Seo HS, Suh S, Lee SK, Shin C. Obstructive sleep apnea as 
a risk factor for silent cerebral infarction. J Sleep Res. 2013;22(4):452–8 
Epub 2013 Feb 1.
 18. Kim H, Yun CH, Thomas RJ, Lee SH, Seo HS, Cho ER, et al. Obstructive sleep 
apnea as a risk factor for cerebral white matter change in a middle-aged 
and older general population. Sleep. 2013;36(5):709.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
